Spleen cells from mice systemically infected 4 to 6 weeks previously with Mycobacterium lepraemurium gave an enhanced primary antibody response in vitro to sheep erythrocytes, but responded normally to dinitrophenylated polymerized flagellin. The ability to enhance the response was associated with the glass-adherent spleen cell population and with peritoneal cells. Similar cells obtained from infected mice depleted of T lymphocytes failed to enhance the antibody response. These studies suggest that macrophages that become activated during the development of cell-mediated immunity to infection can also stimulate antibody responses to thymus-dependent antigens.
Chronic bacterial disease, such as that caused by pathogenic Mycobacteria, Brucella, Salmonella, or Listeria, is associated particularly with persistence and multiplication of the infective organisms within host macrophages. The control of infection is thought to result from the activation of infected macrophages by lymphocyte-released mediators during the development of cell-mediated immunity (8, 17) . In addition to being more efficient in the killing of intracellular organisms, macrophages activated by T lymphocytes differ from resting macrophages in a number of other properties. They show enhanced adherence to surfaces, phagocytosis of certain particles, and tumoricidal activity, as well as a variety of metabolic and enzymatic activities (10) .
Mycobacterium lepraemiurum is an obligate intracellular organism; it is nontoxic to macrophages in which it is commonly found and has an average generation time of 7. days (3). The infection is characterized by the development of granulomata of bacilli-laden macrophages in the various tissues. In resistant strains of mice the course of infection is prolonged, and these granulomata are surrounded by numerous lymphocytes. Also, the number of bacilli within macrophages is smaller than in more susceptible strains in which the lymphocytic reaction is lacking, and the disease progresses more rapidly (6) . The greater susceptibility to infection has been related to the absence of the development of cell-mediated reaction to M. lepraemurium (6, 7) , and the spectrum of the disease in I Present address: Tumor Antigen Section, Biology Branch, National Cancer Institute, Bethesda, MD 20014. mice has been compared with that found in human leprosy (6) .
Macrophages are required for optimal antibody responses in vitro to a variety of antigens (18, 22) . We have studied this function of macrophages during the course of systemic M. lepraemurium infection and have previously described a defect of macrophage function at later stages of the infection (25) . Here we show that adherent spleen cells and peritoneal cells from animals at an earlier stage of infection enhance the antibody response to sheep erythrocytes (SRBC) in vitro and that T lymphocytes are required for the activation of these cells.
MATERIALS AND METHODS
Mice. Female CBA mice, aged 2 to 3 months, were used throughout. Mice depleted of T cells (TXB mice) were prepared by adult thymectomy followed 10 days later by lethal whole-body irradiation (850 R) from a Siemens X-ray machine operating at 10 mA and 240 kV, with a 1-mm Cu filter at a target distance of 50 cm and a dose rate in air of 43.1 R/min. Within 4 h of irradiation the mice were reconstituted with 5 x 106 syngenic bone marrow cells given intravenously. Control mice (XB) were not thymectomized, but were otherwise treated in the same way.
Infection. Mice were infected with an intrave- 
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Preparation and culture of spleen cells. Suspensions of spleen cells were prepared and fractionated into nonadherent and adherent cells as described before (24) . Peritoneal cells were obtained by lavage of the peritoneal cavity of unstimulated mice. For all experiments cells from three to six mice were pooled. The cells were cultured in RPMI 1640 medium for 4 days in Marbrook chambers (16) in the presence of either 2 x 106 SRBC or 0.1 u.g of dinitrophenylated polymerized flagellin (DNP-POL), in a volume of 1 ml. Unfractionated spleen cells were cultured at a concentration of 20 x 106/ml, and nonadherent cells were cultured at a concentration of 13 x 106 to 14 x 106/ml. Peritoneal or adherent spleen cells were added to some cultures at the rate of 106 viable cells.
Differential counts on adherent spleen cells stained with hematological stains showed that approximately 90% of cells had a moderate or large amount of cytoplasm, mostly with indented nuclei, the remaining cells being small lymphocytes and polymorphs. Cells stained for 30 min with acridine orange (0.2 mg/100 ml of medium) showed the following approximate proportions of cell types: 80% mononuclear cells with strong red cytoplasmic fluorescence characteristic of lysosomes (2), 13% small mononuclear cells with minimal or no cytoplasmic staining, and 7% polymorphs. About 75% of adherent cells took up neutral red (5 mg/100 ml of medium) after a 10-min incubation period.
Measurement of the antibody response. (5), was increased nearly threefold, but the response to DNP-POL, a T cell-independent antigen in vitro (13) , was unaffected (cultures 1 and 2). The antibody response of nonadherent cells to SRBC (cultures 3 and 4) was greatly reduced compared with that of unfractionated cells (culture 1) and was close to the number of background PFC found (cultures 16 and 17) . The response to SRBC could be largely reconstituted by supplementing nonadherent cells with either peritoneal cells or adherent spleen cells (cultures 5 and 12 versus 1), a result in agreement with the requirement for macrophages for the response to this antigen (19). In contrast, the response to DNP-POL, a macrophage-independent antigen (11), was not affected by the removal of adherent spleen cells (cultures 3 and 4).
That macrophage might be involved in the enhancement of the antibody response in this system was suggested by the ability of peritoneal cells from infected mice to enhance the response of normal spleen cells (culture 7 The enhancement of the antibody response in vitro to SRBC, as measured 4 weeks after infection, was directly proportional to the number of M. lepraemurium organisms injected (Table 2) .
To elucidate the role of T lymphocytes in the generation of cells capable of enhancing the antibody response during M. lepraemurium infection, experiments were done with mice depleted of T cells. TXB and XB mice were infected with 109 organisms 4 weeks after irradiation together with untreated mice of a similar age. Cells from these animals were harvested 6 weeks after infection and were cultured in various combinations (Table 3) . Unfractionated spleen cells from infected but otherwise untreated mice gave an enhanced PFC response (culture 2) similar to that found at 4 weeks after infection. Cells from TXB-infected mice gave a greatly reduced response to SRBC, but a normal response to DNP-POL (culture 3), indicating that T but not B cell function was deficient in these animals. Cells from XB-infected mice (culture 4) gave a response that was significantly (P < 0.02, Student's t test) higher than that of normal cells (culture 1), but this enhancement was considerably less than that obtained with cells from infected control mice (culture 2). When cultures of normal nonadherent cells were reconstituted with either peritoneal cells or adherent spleen cells, those coming from infected control mice gave enhanced responses (cultures 6 and 10), TXB-infected mice dition, the enhancing activity of adherent cells from C. parvum-treated mice was found to be radioresistant (24) and could be abrogated by carrageenan (20) , a polysaccharide toxic to macrophages (1) but not to lymphocytes (15) . Finally, adherent cells alone are responsible for the defect of the antibody response in vitro during later stages of M. lepraemurium infection (25) when macrophages are overloaded with bacilli.
The development of delayed-hypersensitivity reactions during the course of infection with various intracellular organisms is associated with the appearance of macrophages whose activation is dependent on T lymphocytes (8, 17) . The time when the antibody response in vitro to SRBC was enhanced in the present experiments corresponded to the time when delayedhypersensitivity reactions to M. lepraemurium were fully developed (7; Brown, unpublished data), i.e., when the presence of activated macrophages would be expected. (20, 24) . The way in which activated macrophages stimulate the antibody response in vitro is uncertain at this time. One aspect that should be remembered, however, when considering the possible mechanisms is the finding that only the antibody response to SRBC, a macrophage (19) and thymus-dependent (5) antigen, was enhanced, whereas the response to DNP-POL, which is independent ofthese two cell types (11, 13) , was not affected. This would indicate that, whatever mechanism is responsible for the enhancement of the response, it is not operating directly via B lymphocytes. One possibility is that activated macrophages present the macrophage-dependent antigen in a manner that is more efficient for the induction of the response by lymphocytes. A difference in the handling of keyhole limpet hemocyanin by macrophages from mice treated with C. parvum has been described (26) , but not in the case of macrophages stimulated by other adjuvants (23) . Another possibility is related to the production and release by macrophages of soluble factors that can affect various lymphocyte functions (4, 12, 14) . Activated macrophages may be either releasing a greater amount of such factors or producing factors that are more effective in controlling the in vitro responses of lymphocytes. Any such factors would have to act on T lymphocytes in view of the lack of enhancement of the response to DNP-POL.
If activated macrophages have the general ability to enhance the antibody response to certain antigens, one would expect a similar enhancement in other situations in which the activation of these cells is known to take place. This conclusion is supported by the findings that macrophages from mice treated with C. parvum (20, 24) 
